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PROJECT SUMMARY
This project is a unit design intended to answer the question: How can science
educators create a more equitable science classroom in order to increase engagement
among BIPOC students? The unit is an inquiry based unit that combines Culturally
Relevant Pedagogy (CRP) with alignment with the Next Generation Science Standards
(NGSS). It was envisioned utilizing the NGSS storyline format and created through the
framework of backward design. The intent of this project is to take a historically
pre-packaged, memorization-based biology unit and make it more aligned with both
culturally relevant teaching and the Next Generation Science Standards in order to make
science education more equitable and relevant for all students. The intended audience for
this unit is a 10th-grade Biology class.
Research has shown that BIPOC students are far less likely to enter into scientific
fields after high school. This can be attributed to a number of systemic factors, including
(but not limited to) a historically White centered science curriculum, lack of science role
models, and a feeling of science not being relevant to students’ lives or cultures.
Traditionally, science education has been focused on vocabulary, memorization, and a
“teacher-as-leader” mentality. Contrarily, this unit intends to reframe science learning
through the lens of inquiry, exploration, critical thinking, and culturally relevant
strategies utilizing student voice in order to give BIPOC students an equitable chance at
science engagement.
Within the Next Generation Science Standards, the instructional strategy of
storylines aims to influence curriculum based on student-generated questions. According
to the National Research Council, storylines are coherent sequences of lessons that are
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specifically driven by students’ questions that they develop after interacting with
scientific phenomena. This unit was built around a storyline sequence involving genetics
using guiding questions as the initial structure while leaving space for future student
questions to additionally shape the unit. The unit is designed so that lessons can be
modified and rearranged should students inquire about phenomena in a different order.
After the storyline sequence was established, the backward design approach was
used to create lesson plans for each day. Backward design has educators first consider the
learning goals and objectives of the lesson, and then determine the best way that students
can be assessed on how well they have met said objectives or learning goals (Bowen,
2017). Once those two critical components have been established, then educators figure
out the “daily activities” or best ways to guide students to meeting that objective. For this
unit, “big picture” learning goals were established first, followed by how students will be
assessed prior to deciding on how to teach the content. All materials needed for each day
are attached to the daily lesson plans, and they are also located in a shareable Google Doc
folder.
This unit was created to focus mainly on macroscopic topics within genetics
rather than tiny microscopic details. The intent with this is to allow students to discover
parts of genetics that they want to continue to explore because they feel connected to it in
some way. Because I wanted this unit to be culturally relevant, it is extremely discussion
based and draws from current events and what is going on both in the world and in
students’ communities. It is my hope that this unit will help more BIPOC students feel
engaged with, connected to, and inspired by science so that they can potentially go on to
work in a STEM field and influence legislation, public policy, the medical community,
4
and agriculture. As an increasingly scientific world, we desperately need more BIPOC
representation in these fields and communities in order to influence policy and
decision-making that will begin to eradicate the systems that keep White supremacy
alive.
My hope with this unit is to begin to create a community of critical thinkers and
collaborators who are able to find answers to problems and engage in arguments using
evidence and use those skills to positively contribute to society. This unit hopes to
influence students to want to become citizens who have empathy and respect for peers
who are different from them. Allowing students to teach and learn from each other will
hopefully create confident, caring individuals who value their own voice as well as the
voices of others. The systemic racism that infects the public school system can’t be
erased with one science unit, but it can help foster skills and empathy within students
who will in turn go on to challenge that social order.
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NEXT GENERATION SCIENCE STANDARDS STORYLINE SEQUENCE
Driving Question: How do genetics shape individuals and what role has it played in
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greatest variety occurs
within the population of
Africa, where humans













All genetic traits follow
the same general rule as
Mendel’s pea plants, but
the resulting phenotypes
may show blending or
other physical
characteristics.
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long strands called
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genes code for proteins
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We inherit one allele
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ideologies that certain
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build proteins. DNA is
copied into a strand of
RNA, then translated
into a chain of amino
acids that fold into the
appropriate shape and
structure of a protein.
These proteins perform a
wide variety of
functions, many of which
impact our phenotypes,
such as skin color and
blood type.
How has the discovery
of DNA impacted
society? What





DNA, crime and law
enforcement. They
consider the morality




inequities that lead to
the “digital divide.”
There are many ethical
questions surrounding




of people of Color in
DNA databases
contributes to inequities
in the law enforcement
system and there are
debates as to when,
where, and how DNA
should be allowed to be
accessed.
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GENETICS UNIT CURRICULUM DESIGN
Day 1
Topic Introduction to Genetics & Bias in Research





● N/A: Introduction to unit
Science & Engineering Practices
● Asking questions and defining problems
Cross-Cutting Concepts
● Cause and effect




● Explain the role of bias in research and further implications










● Participation in discussion
Formal:
● Completed KWL chart
Daily Activities 1. Introduce the first “Scientist of the Day” - Raven Baxter
a. Explain that each student will be responsible at some
point during the unit for presenting their chosen SOD
(just a few minutes about them and their contributions
with a photo)
b. Ask students who or what they picture when asked to
picture a scientist? Old white men, usually.
c. Encourage them to bring in scientists who don’t fit into
that mold, as science is for everyone
d. Ideally a few of these people will be able to be contacted
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and come speak to the class in person or virtually!
e. Have students choose a day over the next 4-5 weeks to
introduce their scientists and write their name in the
calendar (post this list in the room as a reminder)
2. Introduce the unit to begin - genetics.
a. Have students fill out the “what I know” section of their
KWL chart with what they perceive to already know
about the topic (it’s ok to say “nothing.”)
3. With a partner, have students discuss with each other what they
wrote down
4. Have each pair share and use their answers to start guiding the
introduction to genetics discussion making sure to talk about
any misconceptions that arise
a. Someone will probably talk about genetic variation in
their family so use that to get them thinking about
genetic traits in their own biological family or a family
that they know
b. Explain that genetics is a branch of biology concerned
with the study of genes, genetic variation, and heredity
in organisms
5. Begin telling the story of Gregor Mendel, his pea plants, and
how he is the “Father of Genetics.”
a. Guiding questions:
i. What do you notice?
ii. Who does this research benefit?
iii. Who is left out?
iv. What implications does this research have on
society? Communities? Individuals?
b. Discuss bias in scientific research using discussion
points, talk about how scientists usually set out to find
answers to a certain question
c. Possible discussion questions:
i. What influences in society argue that race does
and does not have a biological meaning?
ii. Can you think of some ways that family and
culture are used as a proxy for genetics?
iii. What is the difference between “biological” and
“genetic?”
iv. Are there some cases where we say that things
are genetic even though they may be the result of
family upbringing or culture? (For example: “I
am Italian, of course I like garlicky tomato
sauce.” or “You're just like your father.”)
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v. How does cultural context inform both study
design and understanding of the results?
vi. What are some steps you take in your life to
reduce your personal bias? Could these be
applied to science?
vii. Do you think that science can be bias-free?
viii. If so, what are some steps scientists could use to
ensure that their personal biases do not impact
their work?
ix. What are the responsibilities of scientists to
ensure that their work is not misinterpreted?
6. Have students now fill out their “what I want to know” section
of their KWL chart
7. With a different partner, have students discuss with each other
what they are wondering/want to know
8. Have volunteers share their wonderings while writing their
questions on a large sheet of paper, explaining that these are
questions that will help to supplementally guide the trajectory of
our unit (leave time for more questions/discussion and if any
students decide that they want to add their question)
9. This is where you want to introduce the research project at the
end of the unit. Let students know that they’ll be conducting a
deep-dive of the research of a topic of their choosing from the
unit through the lens of history, science, race and equity. Tell
them if something seems particularly interesting to them or they
just need to know more to make note of it so they can remember
at the end of the unit! Don’t take questions about this project
right now just tell them to keep a topic in mind as we go.
10. Give students time to fill out the “what I learned” section of
their KWL chart and turn it in
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Day 1 Materials *all unit materials also located in a shareable google drive:





Topic Genetics & Environment: Complex Traits






LS3.A: Inheritance of Traits
LS3.B: Variation of Traits
Science & Engineering Practices
● Asking questions and defining problems
● Analyzing and interpreting data
● Engaging in argument from evidence
Cross-Cutting Concepts
● Cause and Effect









● Exit card -
1. How is skin color an example of a complex trait?
2. Think about what we talked about today.
a. What surprised you?
b. How did this lesson make you feel?
c. What questions do you have?
Daily
Activities
1. Scientist of the Day
2. Ask the question: “We know that genetics is the study of
heredity, but…”
3. Put students into groups of 2 or 3
4. Give each group the skin color swatch and have them compare
the skin color on their inner upper arm and outer forearm.
a. Are they the same or different?
b. What is the relationship between the two?
5. Have groups compare results to two other groups.
a. Are there any patterns you notice?
b. What is the same, what is different?
6. Have students return to their original group. Give each group a
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large piece of paper and markers. Have them make two lists of as
many factors as they can think of:
a. What might account of any differences you saw in the
color of your inner arm versus outer arm?
b. What might account for any differences you notice
between your skin tones and another persons’?
7. Discuss as a large groups the factors each group came up with
a. What did you notice?
b. Did your skin color change by number or by letter or
both?
c. Are there any patterns of change within the class?
d. What do you think causes your inner arm to be that
particular color?
e. What do you think causes your outer arm to be that
particular color?
f. Why might some people have a greater difference
between the two? Why might some people have no
difference between the two?
8. Introduce how skin color is a complex trait that involves multiple
genes and alleles with both genetic and environmental factors
(intention is to avoid the commonly held misconception that
most traits are Mendelian, and help students consider the
significant environmental effects that contribute to most human
traits)
9. Pose the question: why do you think we’ve been talking about
skin color and not race?
10. Play the quick video - Bill Nye Explains Skin Color (1:01)
a. Discuss: how populations adapt to how much ultraviolet
light they’re exposed to over generations and how
genetically that has no connection to other traits like
intelligence
b. Race is not a real biological category — human beings
are more than 99 percent genetically identical. But for
centuries science has been used to justify racism and
social hierarchies by suggesting significant biological
differences between groups of people (tie back to Mendel
and discussion from previous day)
c. What implications does this have on society today? This
discussion will likely go on for a while.
11. Leave students a few minutes to fill out an exit card
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Day 2 Materials:
Video: Bill Nye Explains Skin Color (1:01)
Color swatch: printed, laminated, cut into individual rectangles, and placed on a ring
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Day 3
Topic Genetics & Environment: Traits






LS3.A: Inheritance of Traits
LS3.B: Variation of Traits
Science & Engineering Practices
● Asking questions and defining problems
● Analyzing and interpreting data
● Engaging in argument from evidence
Cross-Cutting Concepts
● Cause and Effect













● Exit question: Summarize what we learned in class in 1-2 sentences.
Daily
Activities
Pre-class: set up 8 poster boards around the classroom (example below). For
each poster, choose a trait that you think may be of interest to your students.
1. Scientist of the Day
2. Begin class by discussing and questions that students had on their exit
tickets from the previous day
3. Review:
a. What is a complex trait?
b. What makes skin color a complex trait?
4. Talk about the differences between the terms “genetics” and
“environment.”
a. Think-pair-share: What does it mean for something to be
determined solely based on genetics? Environment?
5. Explain that each student will get a set of sticker dots and will be
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circulating the room and placing one sticker on each line according to
how much they believe that trait is determined by genetics or
environment. If they think the trait is determined solely by genetics,
then they would place their dot on the far left side of the board. If they
believe the trait to be based on environment only, it would be placed at
the far right. Any dot in between will represent a combination of the
two factors.
6. Once everyone is done, collect the posters and put them together so
data can be easily compared. Guiding questions include:
a. What do you notice?
b. Are there any trends or patterns you’re seeing?
c. Further discussion may be guided by student interest
7. Teacher instruction:
a. Introduce and talk about the difference between a phenotype
and a genotype and how our understanding of complex
phenotypes has improved and how the more we uncover about
the human genome, the more apparent it is that genotype
doesn’t 100% determine phenotype
b. Scientists have discovered that almost all traits and phenotypes
are also influenced by environment
c. Most genetics units focus on monogenic traits (ask what mono
means and have them figure out what monegenic might mean)
but this is not how most human traits work
d. By understanding the idea that traits are determined by both
genetic and environmental factors, we can get a more realistic
understanding of the underlying mechanisms that make us who
we are!
8. Leave time for exit ticket
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Day 3 Materials:
8 poster boards (Example:)
● Trait examples to possibly include (depending on student interest):












Topic Genetic Variation in the Human Race






LS3.A: Inheritance of Traits
LS3.B: Variation of Traits
Science & Engineering Practices
● Asking questions and defining problems
● Analyzing and interpreting data
● Engaging in argument from evidence
Cross-Cutting Concepts
● Cause and Effect
● Scale, Proportion, and Quantity
















1. Scientist of the Day, Review yesterday’s content and answer any
questions
2. Have students use the Student Discussion Questions Sheet (will be
used over the course of 2 days) and play Nowhere to Hide, an
activity that simulates natural selection
a. Have them do this task independently while answering the
observation questions on their sheet; this will prepare them
to participate in class discussion of the questions
3. When students are done, go over the discussion questions on the
sheet as a whole class
a. Student answers should reflect an understanding of the fact
that some variation in heritable characteristics exists within
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every species, some of these characteristics give individuals
an advantage over others in surviving and reproducing, and
the offspring, in turn, are more likely than others to survive
and reproduce. As a result, the proportion of individuals that
have advantageous characteristics will increase.
4. Then introduce the mini-investigation, touching on these points:
a. This game presents a simplified demonstration of natural
selection. It can help you understand how human genetic
variation has also emerged over generations, through natural
selection, as populations of humans adapted to various
environments. This genetic variety is greatly outweighed by
the genetic similarity of all humans to each other.
b. Every human has inherited some entirely new combinations
of existing genes or mutations of genes in reproductive cells.
i. Some of these changes do not make you noticeably
different from any other human, while other changes
have distinctive effects
ii. Remember also that each of you has three billion
base pairs of DNA. The amount of variation among
humans constitutes only about one-tenth of a percent
of that three billion. DNA similarity totally
outweighs DNA differences.
iii. In this lesson, you will study how human variation
has been introduced into our species over time and
across the world. Then you will select a particular
trait variation to explore.
Day 5:
1. Scientist of the Day, Review yesterday’s material and answer any
questions
2. In pairs, students will explore the online resource Race and Human
Variation (explains how genes vary within humans, with the greatest
variety occurring within the population of Africa, where humans
have lived longest)
3. As a class, we will discuss the questions pertaining to this resource
4. They will then explore The Human Journey (an interactive map
showing how the human gene pool has expanded as humans migrate
across the globe)
5. We will finish the discussion questions as a class
Day 6:
1. Scientist of the Day, Review material from the previous day and
discuss any questions that have arisen





● Handedness (left, right, or ambidextrous)
● Hair color (e.g., red, white blonde, black)




● Susceptibility to a particular disease (e.g., malaria, measles,
Tay Sachs, Huntington’s, osteoporosis)
3. Students will be asked to:
a. Find some facts about the trait, describe how or if it confers
advantages or disadvantages to survival, and report on its
incidence among populations across the world
b. Use the Genetic Variation for a Human Trait Project Sheet
4. Students will be placed into a group with 3 other students and will
soft “present” their trait to their group




Student discussion question sheet:
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Nowhere to Hide (webpage)
Race and Human Variation (webpage)
The Human Journey (webpage)
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Genetic variation research sheet:
25
Day 7
Topic Karyotypes and Chromosomes






● LS1.A: Structure and Function
● LS1.B: Growth and Development of Organisms
● LS3.A: Inheritance of Traits
● LS3.B: Variation of Traits
Science & Engineering Practices
● Asking questions and defining problems
● Developing and using models
● Analyzing and interpreting data
● Engaging in argument from evidence
Cross-Cutting Concepts
● Cause and Effect
● Scale, Proportion, and Quantity
● Systems and System Models













● Karyotype activity questions
● Exit card:
○ How many pairs of chromosomes do each of our cells
contain? How are they arranged?
Daily
Activities
1. Scientist of the Day
2. Review the previous material
a. Genetic traits vs. environmental traits
b. Complex traits vs. monogenic traits
3. Explain that we’ll be going into genetic traits and how we end up
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the way that we are
4. Ask: where does our genetic information come from?
a. DNA
5. Explain that we will be investigating what DNA looks like and
how actual geneticists look at photographs of DNA to analyze it
6. Pass out sheet with jumbled karyotype of a human male on it.  Let
students know that this is a picture of the inside of a nucleus and
all the DNA, with the DNA bunched up into chromosomes
(define).
7. Have students individually write down every observation they can
make about the chromosomes in one cell
8. Have students turn to their neighbor and compare lists. Write down
any observations that their partner has that may be different than
theirs
9. Have each group share observations with the class and write on the
board.
a. When they point out stripes, give that the name “loci”
b. When they point out the middle area of a chromosome,
note that it's called the “centromere.”
c. Ask students whether they found any of the chromosomes
to be the same
d. Ask pairs to find any chromosomes that are the same and
write down their letters so we can check with the class
e. Have pairs offer chromosome numbers that they think are
the same.   The goal here is to have them reach the
realization that there are pairs that are the same but no
triplets
i. Ask why might that be? What might happen if there
were 3?
ii. Let them know that usually, an extra or missing
chromosome means that the fetus will not develop.
Sometimes, it will develop with pretty severe
problems, usually physical and mental.
iii. Tell students that karyotypes are often made with
fluid from the amniotic sac when an older woman
(over 35 usually) is pregnant and worried about a
chromosomal abnormality in her baby.
Chromosomes become more “sticky” as a person
ages, and chromosomal abnormalities are much
more common with older parents.  They are also
done when someone has symptoms characteristic of
known chromosomal disorders.
10. Hand out the ordered sheet of a human male karyotype.
a. Have students observe them
b. Ask for what they notice about the pairs
i. Goal - notice that they are all the same except the
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last pair
c. Note that these are all “homologous pairs” of
chromosomes that code for the same traits but might have
different information
d. In each pair, one chromosome was originally from the
biological mother, one was originally from the biological
father
e. Let students know that the last pair is the sex chromosomes
– those assigned male at birth have one long (X) and one
short (Y).  Ask if anyone knows what those assigned as
females at birth have (XX).  If nobody knows, tell them!
f. This would be a good time to differentiate between “sex”
and “gender” - ask if they know the difference and talk
about how gender is a social construct
11. Ask students how many pairs of chromosomes are there? How
many total chromosomes are there?
12. Talk with students about how every cell in their bodies has 23
pairs of chromosomes, or 46 total.  In each “homologous pair”,
one came from the egg, and one came from the sperm. Each pair
of chromosomes codes for many different traits, like ear shape and
eye color and some genetic diseases and even some personality
traits.  So the tops of the #4 pair might code for whether or not you
have freckles and part way down might code for dimples, etc.
13. As an extension/formative assessment, have students do the
karyotyping activity on the Arizona Biology Project web site Have
students read about how to write a karyotype (on the screen), write




Karyotyping Activity on the Arizona Biology Project (web page)
Karyotype, full page:
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● LS3.A: Inheritance of Traits
● LS3.B: Variation of Traits
Science & Engineering Practices
● Asking questions and defining problems
● Analyzing and interpreting data
● Engaging in argument from evidence
Cross-Cutting Concepts
● Cause and Effect
● Scale, Proportion, and Quantity




● Calculate the probability of a particular genotypic or phenotypic










● Turn in whatever they finish of “Harry Potter genetics”
Daily
Activities
1. Scientist of the Day
2. Go over yesterday’s content and answer any questions that arise
3. Ask if students have ever heard of someone saying “the chances of
you having a red haired child…” or “the chances of you having
blue eyes..”? If yes, have you ever wondered how those
“chances”are determined? Say that we’re going to learn how those
chances are calculated today!
4. Draw a couple of completed punnett squares on the board using
symbols instead of letters (shapes work here)
a. Ask students to individually figure out the pattern of what
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goes in each box (they will likely figure it out)
5. Draw pairs of chromosomes for “mom” and “dad” while putting
letters on them that correspond to traits that we have talked about
in class
6. Ask which trait they’d like to do first and draw an empty punnett
square on the board with the letters corresponding to the trait in the
appropriate places
a. Have students first individually fill in the square using the
pattern they figured out earlier
b. Have them then meet a partner to compare
c. Ask for volunteers to fill in the boxes and explain how they
came to that conclusion





8. Ask students if they can figure out what they mean looking at the
prefixes (homo- and hetero-) and the words they already know
(dominant and recessive)
a. How many show each one?
i. ¼ or 25%
b. Explain that each box represents the chance of displaying
that genotype
9. Have students then determine how many boxes would results in
each phenotype (this percentage will be different)
a. Go over those terms again if you need to
b. 2/4 or 50%
10. Have the students repeat this same process for at least 4 more traits
a. Choose a trait
b. Think-pair-share the possible frequency of genotypes and
phenotypes
11. Once they seem confident & ready, have them work in partners on
the Harry Potter Genetics sheet
12. They will turn in whatever they complete
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Day 8 Materials:




Topic Inherited Human Traits






● LS3.A: Inheritance of Traits
● LS3.B: Variation of Traits
Science & Engineering Practices
● Asking questions and defining problems
● Analyzing and interpreting data
● Engaging in argument from evidence
Cross-Cutting Concepts
● Cause and Effect
● Scale, Proportion, and Quantity




● Determine if traits follow Mendelian patterns of inheritance.
Terms:





Pre-class preparation: bring some cooked asparagus to heat up and have
students try if they don’t know if it makes their pee smell and want to know :)
Have them report back tomorrow!
1. Scientist of the Day
2. Have a bell ringer with a review question from the previous day’s
content.
a. Ask students to complete a punnett square and find the
percentages of genotypes and phenotypes
b. Go over the answer and make sure students are feeling
confident
3. Ask students if they remember when we talked about Mendel, his
findings, and the implications of them
a. This will (hopefully) lead to a review discussion about bias in
research and racism in early science and the repercussions of
that
b. Note that while few actual human traits follow the same
inheritance patterns Mendel discovered with his pea plants, he
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did discover some key features of inheritance that are true for
all traits -
i. The concepts of segregation and independent
assortment
1. Briefly explain but note that we’ll be going over
this more later
ii. That the alleles from each parent aren’t blended or
altered in the offspring
iii. That all sexually reproducing organisms follow these
same inheritance rules
4. Watch the video Mendel's Findings (3:06) as a class, stopping after
key points to make sure they are understood and to answer any
questions
5. As a class, go through the “Inherited human traits” slideshow
a. Have students write down with traits they have
b. Also have them analyze the data presented at each trait
i. What do you notice?
ii. What does it mean?
6. Once through the slideshow, have students “popcorn” around the room
comparing and contrasting their traits with others for about 2 minutes
each. Have them do this with at least 5 other students
7. Come back together as a full class. Discussion questions:
a. What did you notice?
b. If two people have the same combination of traits, what might
that mean (if anything)?
c. Did you notice that there were only two options for each trait?
Were there any traits where it was difficult for you to decide
between the two options? Why?
d. Do you think you can determine which traits are dominant and
which traits are recessive?
e. Can you think of a better way to collect the data for some of
these traits than just giving two options?
8. Divide students into groups of four and assign each group one trait to
investigate.
a. Give each group a copy of the data and hand each group a
claim-evidence-reasoning chart
b. Have them make a claim to answer the question: “Is this trait
inherited the same way as the dominant and recessive patterns
found in Mendel’s pea plant experiments?”
c. Encourage students to explain their reasoning using Punnett
squares
9. When groups are done, come back together for full-class discussion.
a. Which traits showed the same inheritance patterns as the pea
plants?
b. What about the other traits? What did you notice?
c. What questions do you have about human inheritance after
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looking at the data?
d. Do all traits follow the same pattern of inheritance as Mendel’s




Video: Mendel's Findings (3:06)
C-E-R Chart:
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● LS1.B: Growth and Development of Organisms
● LS3.A: Inheritance of Traits
● LS3.B: Variation of Traits
Science & Engineering Practices
● Asking questions and defining problems
● Developing and using models
● Analyzing and interpreting data
● Engaging in argument from evidence
Cross-Cutting Concepts
● Cause and Effect
● Scale, Proportion, and Quantity
● Systems and System Models




● Explain how independent assortment results in variation between
offspring and how the number of chromosome pairs affect genetic
diversity.
● Calculate the number of genetically different offspring a male and








○ Dogs get 40 chromosomes from their mom and 40
chromosomes from their dad. How many possible
combinations of gametes can you get?
○ What does this mean for the genetic diversity of dogs
versus humans?
Daily Activities 1. Scientist of the Day
2. Answer any lingering questions from yesterday’s material
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3. Begin with a story - “Alright so I have a friend, his name is Carl.
Carl is a zombie. He is preparing for the apocalypse and is trying
to figure out how long he can last with the belongings that he has.
For his long journey of….eating brains I dunno. So you are going
to help him figure it out.”
4. Put students into pairs and hand out baggies of cut-outs
5. Walk each group through making a data table (example)
6. Students will have to use the table to determine the probability that
the zombie will choose a certain item & certain item combinations
7. Do the first 2 with them -
a. Example 1:
i. Carl has one pair of pants
ii. Two possible combinations: pants or no pants
iii. Probability of choosing one is ½ or 50%
b. Example 2:
i. Carl has two pairs of shoes
ii. 4 possible outfit combinations: pants with shoes
pair #1, no pants pair with shoes pair #1, pants with
shoes pair #2, no pants pair with shoes pair #2
iii. Probability of choosing one is ¼ or 25%
8. Students will discover that the number of combinations quickly
becomes impossible to count by hand and will begin looking at
patterns to predict the probability
9. After about 15 minutes, ask different groups:
a. What happened when you started to add more pairs of
clothing options?
b. What did you find yourselves doing after that?
c. So what you’re all saying is that as you add more pairs of
clothing options, it gets more complicated to figure out
combinations, right?
d. Did you notice any patterns? How did you predict the
combinations of the options that were too hard to count?
e. A few groups will find that they did 2 (because there were
two of each item) and took it to the power of the number of
options. 2 to the 2nd power = 4, 2 to the 6th power.
10. Pose the question:
a. Say you wanted to apply this to something else like, the
probability of you being you. So what is the probability
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that out of all the chromosomes that your mom contributed
and all the chromosomes that your dad contributed you
came out looking the way that you do? How would we
figure that out?
b. Introduce term “independent assortment”
c. How homologous chromosomes are randomly distributed
to daughter cells, and different chromosomes segregate
independently of each other resulting in gametes that have
unique combinations of chromosomes
d. How many chromosomes did each parent give? 23
e. 2 to the 23rd power x 2 to the 23rd power = 8,388,608 x
8,388,608 = 70,000,000,000,000
f. 70 quadrillion possible combinations of gametes and you
came out with a specific one
11. Leave time for questions and exit ticket
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Day 10 Materials:
Zombie template: copied, cut, and put into separate baggies










● LS3.A: Inheritance of Traits
● LS3.B: Variation of Traits
Science & Engineering Practices
● Asking questions and defining problems
● Engaging in argument from evidence
Cross-Cutting Concepts
● Cause and Effect















1. Scientist of the Day
2. Let the class know that today will be a history lesson guided by
discussion
3. Please preface/debrief by saying that today’s topic is not meant to
make anyone feel bad but that it is important to explore the ways in
which society was built by and for White men, and science is no
exception
4. Ask the class if anyone has heard of “eugenics”
a. If yes, take some ideas about what that means or what that
word might mean
5. Note that while we briefly discussed the racism in Mendel’s work,
he is not the only one to have contributed racist ideologies to
society in the name of science
6. Pre-discussion questions (the same questions will be posed at the
end of the lesson):
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a. What are you wondering about eugenics?
b. Do you think science from the early 1900s influences
science today?
c. Do you think ideologies from the early 1900s influence
ideologies today?
d. In what ways can “science” go wrong? How can it be
abused?
e. Why do you think it’s important to learn history such as
this?
7. Go through the presentation, taking extreme care to gauge the
comfort level of students throughout and adjust accordingly.
8. Leave time afterwards for students to write down any thoughts











Topic Cell division - Mitosis






● LS1.A: Structure and Function
● LS1.B: Growth and Development of Organisms
Science & Engineering Practices
● Asking questions and defining problems
● Analyzing and interpreting data
● Engaging in argument from evidence
Cross-Cutting Concepts
● Cause and Effect
● Scale, Proportion, and Quantity
● Systems and System Models




● Explain how and why a cell makes a copy of itself




● Walking around observing and asking questions
● Exit ticket:




1. Scientist of the Day
2. Have students sit at lab tables, 4 to a table
3. Give each student an envelope of loose photos of the stages of
mitosis
4. Give them a few minutes on their own to put them into an order
that they think makes the most sense
5. Have them them get with their lab partner and compare what they
came up with, defending their choices until the pair comes to a
consensus (or not)
6. Pairs will then get with their table mates and do the same
7. Each table will share their conclusions and why they felt that order
was the most logical
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a. Students will likely put them in the correct order :)
8. Explain that they just figured out the process of mitosis - a cell
dividing in order to make new cells
9. Ask students why an organism would need to make new cells.
Help them get to a list that includes things like: growing, making
scar tissue, and replacing skin
10. Play the animation and explain that this is similar to what they
came up with
11. Go through each phase and ask what students see/believe/observe
to be happening, explaining each as you go
12. Have students color their phases (intentionally) using photos as
guides and tape/glue into their binders in the correct order




Mitosis coloring sheet - printed, cut out and put into envelopes










● LS1.A: Structure and Function
● LS1.B: Growth and Development of Organisms
● LS3.A: Inheritance of Traits
Science & Engineering Practices
● Asking questions and defining problems
● Developing and using models
● Analyzing and interpreting data
● Engaging in argument from evidence
Cross-Cutting Concepts
● Cause and Effect
● Scale, Proportion, and Quantity
● Systems and System Models

















● Groups will show the process of mitosis and explain it while
answering questions
Daily Activities 1. Scientist of the Day
2. Let students choose a partner to work with and give each pair a
baggie of materials, a poster board to work on, and a mitosis card
sort envelope
63
3. Ask students to take out the mitosis phases that they colored
yesterday as a reference. As what they think each item represents
and have them set up the cell as they think would start the
process of mitosis
a. Encourage them to use the long string for the cell
membrane and short pieces for the nuclear membrane
4. Walk students through the steps as they move their string and
candy.
a. Don’t let students remove the nuclear membrane string
from the cell when it dissolves as that will cause
misconceptions later. Have them just move it out to the
edge by the cell membrane.
b. Also don’t let students start the process with the copies of
the chromosomes in the cell.  Start with just homologous
pairs, then talk about how they really make copies
(created from mRNA nucleotides inside the cell) and that
that is simply impossible to model (so we throw the
copies in)
5. After walking through the process with them, have pairs do it on
their own.
a. Go around the class and help/listen to discussion
b. Tell them to snag you when they are ready to show you
they know the process
c. When assessing them, ask students to show you the
process and explain it and ask them other questions about
the process as they do it
6. While groups are waiting, have them do the mitosis card sort
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Day 13 Materials:
Baggies with the following:
○ 2 gummy worms of one color scheme
○ 2 gummy worms of another color scheme
○ 2 Brite worms of one color scheme
○ 2 Brite worms of another color scheme
○ 2 Mike & Ikes (or, if available, a third type of candy worm) of one color
○ 2 Mike & Ikes (or, if available, a third type of candy worm) of another
color.
○ 2 Tootsie Rolls
○ Four pieces of string that are about 3 feet long







Topic Mitosis: Identifying Stages






● LS1.A: Structure and Function
● LS1.B: Growth and Development of Organisms
● LS3.A: Inheritance of Traits
Science & Engineering Practices
● Asking questions and defining problems
● Developing and using models
● Analyzing and interpreting data
● Engaging in argument from evidence
Cross-Cutting Concepts
● Cause and Effect
● Scale, Proportion, and Quantity
● Systems and System Models


















● Walk around during lab and observe drawings while answering
questions
Formal:
● Lab sheet (one per pair)
Daily 1. Scientist of the Day
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Activities 2. Do a tiny review of yesterday’s material and answer any lingering
questions
3. Let students know that they will be using microscopes to see
mitosis in action in an actual plant cell!
4. Hand out lab sheets and put students into lab partners
5. They will likely need the entire class period to finish
6. Leave time at the end to go over the analysis questions
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Day 14 Materials:





Topic Cell Division - Meiosis






● LS1.A: Structure and Function
● LS1.B: Growth and Development of Organisms
● LS3.A: Inheritance of Traits
● LS3.B: Variation of Traits
Science & Engineering Practices
● Asking questions and defining problems
● Developing and using models
● Analyzing and interpreting data
● Engaging in argument from evidence
Cross-Cutting Concepts
● Cause and Effect
● Scale, Proportion, and Quantity
● Systems and System Models




● Design or draw a model to represent the steps of meiosis using












Daily Activities 1. Scientist of the Day
2. Discuss any analysis questions from yesterday’s lab that were not
discussed
3. Ask: What is mitosis for? Why do our cells divide? Do you think
this is how all cells reproduce?
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4. Let students know that cells also divide and reproduce in another
way, called meiosis, today we will be modeling how meiosis
works.
5. Have students get into pairs and give each pair a copy of sheet #1
6. Have each pair look at the sheet and discuss together how it looks
different from mitosis
7. Tell them that each circle represents a cell. Ask:
a. What do the lines in each cell represent?
b. What do you notice about what’s the same and what’s
different between the parent cell and daughter cells?
c. Why do you think this is the case in sexual reproduction?
8. Have them next think about what must have happened to get from
the parent cell to the daughter cell.
9. Have students draw a diagram showing at least two possible ways
that the daughter cells could have been made from the parent cell.
a. When drawing your diagram, show the steps of DNA
replication (copying) and cell division (dividing)
separately. Label each step.
b. Modified: tell students that they may only do two things:
duplicate chromosomes or split cells in half.
10. Discuss what pairs came up with and have them explain why
11. Give students the sheet labelled “2a” and have them repeat the
same process. Note that this is a different depiction of the same
process. Ask:
a. In this case, what do the lines in each cell represent?
b. What do you think the different colors mean?
c. What do you notice about what’s the same and what’s
different between the parent cell and daughter cell?
d. What can you infer in this case that you were not able to in
the original model?
12. Next, think about what steps must have happened to get from the
parent cell to the daughter cell in image #2a.
a. Does this new image data change the model you already
created?
b. Draw a new diagram to show the new information in
image #2a.  If possible, draw at least two possible ways
that the daughter cells could have been made from the
parent cells.
13. Repeat the same process for sheet “2b”
14. Once each pair gets sheet “3,” discuss:
a. What do you notice about this new representation?
b. Is there a relationship between the individual daughter
cells?
c. What are the possible ways that the features illustrated
might have been produced?
d. Look at your last model: where in the process do you think
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this happened?
15. Redraw your model to include this new event. Are there still two
ways to obtain the same outcome?  What is your evidence?
16. Using all your images together and your model, describe the
major features of the cells produced by meiosis. Be sure to
describe all of the differences you notice between the parent cells
and the daughter cells.
17. Ideally, students will narrow down the order of operations to only
one possibility to fit the data provided. At that point, introduce the
three major concepts represented: segregation, independent




Meiosis printouts - one of each per pair
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Day 16
Topic Meiosis vs. Mitosis






● LS1.A: Structure and Function
● LS1.B: Growth and Development of Organisms
● LS3.A: Inheritance of Traits
● LS3.B: Variation of Traits
Science & Engineering Practices
● Asking questions and defining problems
● Developing and using models
● Analyzing and interpreting data
● Engaging in argument from evidence
Cross-Cutting Concepts
● Cause and Effect
● Scale, Proportion, and Quantity
● Systems and System Models

















● Completed venn diagram
Daily Activities 1. Scientist of the Day
2. Give each student a copy of the terms & phrases sheet and a venn
diagram
3. Have each student cut out the phrases and arrange them in their
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venn diagram according to where they belong (don’t have
students glue anything down until you check them!)
4. When everyone is done, come together as a class and fill it in
together (start with the middle first)
5. Make a T-chart on the whiteboard as a class to compare the two
processes.
a. This might take longer than expected.

















● LS1.A: Structure and Function
● LS1.B: Growth and Development of Organisms
● LS3.A: Inheritance of Traits
● LS3.B: Variation of Traits
Science & Engineering Practices
● Asking questions and defining problems
● Developing and using models
● Analyzing and interpreting data
● Engaging in argument from evidence
Cross-Cutting Concepts
● Cause and Effect
● Scale, Proportion, and Quantity
● Systems and System Models



















1. Let students know that they will be modelling the process of
meiosis and will have a group quiz at the end of class (quiz is
performative/verbal, with groups walking through the process
for the teacher and answering questions as they go)
2. Put students into groups of 3-4 and give each group a baggie of
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materials
3. Ask students what they think the fruity candy represents [three
pairs of homologous chromosomes], what the strings represent
[4 long ones are cell membrane, 4 short ones are nuclear
membranes – 4 because the process makes four cells], and what
the Tootsie Rolls represent [centrioles]
4. Ask students to look at their diagrams in their notebooks and try
to set up the first stage - interphase.
a. Make sure they use all four long pieces to make the cell
membrane, and all four short ones to make the nuclear
membrane.  They may have difficulty figuring out to
only put half of the chromosomes and half the centrioles
in the nucleus.
5. Have students tell you what is going on in prophase, help
students identify parts, then have them move the model into
metaphase.
a. Make sure that students don’t physically remove the
nuclear membrane from the cell (otherwise they will lose
the link between what they are doing and what really
happens).
6. Proceed through the phases as a class, but with students showing
and telling what happens using their notes and what they already
know
7. After working through the process as a class, let students work
as groups to learn the process.  Walk around helping students
while this is going on.
8. Quiz each group on the process by having them walk through
and explain the steps of meiosis, using appropriate terms.
9. Extension: have groups show you the difference between
modeling mitosis and modeling meiosis with the gummy worms
10. To end, review where meiosis happens (as compared to mitosis),
what it makes, how its cells are different from others, etc.
a. Get students to recognize that Metaphase I is the crucial
stage at which independent assortment happens and that
the second half of meiosis is really just mitosis
Day 17 Materials:
Baggies with the following components:
● 2 gummy worms of one color scheme
● 2 gummy worms of another color scheme
● 2 Brite worms of one color scheme
● 2 Brite worms of another color scheme
● 2 Mike & Ikes (or, if available, a third type of candy worm) or one color
● 2 Mike & Ikes (or, if available, a third type of candy worm) of another color.
● 4 Tootsie Rolls
82
● Four pieces of string that are about two feet long
● Four pieces of string that are about a foot long
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Day 18-21
Topic Cell Division Assessment- Create-a-Creature






● LS1.A: Structure and Function
● LS1.B: Growth and Development of Organisms
● LS3.A: Inheritance of Traits
● LS3.B: Variation of Traits
Science & Engineering Practices
● Asking questions and defining problems
● Developing and using models
● Analyzing and interpreting data
● Engaging in argument from evidence
Cross-Cutting Concepts
● Cause and Effect
● Scale, Proportion, and Quantity
● Systems and System Models




● Apply concepts/objectives from the unit to create a creature
Terms:






1. Let students know that the next four days will be theirs to
showcase their knowledge of genetics while also showing off
their creativity (in lieu of a test or quiz)
2. Put students into pairs that you determine
3. Tell students that they will be creating a creature using any
materials they would like (have bottles, cans, paper, craft
supplies, drawing utensils, glue, etc)
a. Each creature must have at least 10 visible traits
(including at least one polygenic trait, one showing
complete dominance, and one showing incomplete
dominance)
b. Each creature will have 7 pairs of chromosomes, one of
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which is a pair of sex chromosomes
4. By the end of day 1, each pair must have:
a. A list of their 10 traits
b. Possible genotypes and phenotypes
c. Which traits are coded for by which alleles
5. Modification: provide a key with different traits and
chromosomes so everyone is making different individuals of the
same species.
Day 2:
1. Give each pair the “creature genotype and phenotype” sheet
2. Have them construct their parent creatures and record their
genotypes and phenotypes on the sheet
a. Walk through the two examples with them to model the
procedure
b. Remind them that parents must not have traits that they
are not coded for!
c. Make sure students don’t make both parents homozygous
dominant or recessive for the same trait so they can
calculate later
3. Make punnett squares for each trait using parent characteristics
and calculate the probabilities of having a child with each
possible phenotype
Day 3:
1. Give each pair a chromosome sheet and have students fill in the
genotypes on their chromosomes
2. They will then follow the instructions on the sheet to go through
meiosis to make 4 gametes
3. Each student will take a gamete set from each parent to make
embryos
4. They will then record genotypes and phenotypes for the baby and
begin to build
Day 4:
1. Finish building baby and display around the classroom!
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Days 18-21 Materials:
Building materials (bottles, can, craft supplies, paper, coloring utensils, scissors, glue,
etc)













● LS1.A: Structure and Function
● LS3.A: Inheritance of Traits
● LS3.B: Variation of Traits
Science & Engineering Practices
● Asking questions and defining problems
● Developing and using models
● Analyzing and interpreting data
● Engaging in argument from evidence
Cross-Cutting Concepts
● Cause and Effect
● Scale, Proportion, and Quantity
● Systems and System Models




● Simulate the basic processes that researchers use to isolate,
analyze and manipulate DNA using their own cheek cells
● This lesson is intended to introduce DNA structure and is a






● Participation in lab and discussion
Daily
Activities
1. Scientist of the day
2. Explain to students that we know what DNA is and what it does
but up until now we haven’t really explored what it looks like
3. Review:
a. What is DNA?
b. What is DNA made of?
c. What do we use DNA for?
4. Tell students that they will be doing a lab where they will go
through the same basic processes that researchers use to isolate,
analyze and manipulate DNA (on a more simplified level,
obviously).
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5. Put students into lab groups and hand each a lab procedure sheet
6. As a class, point out their materials and what they look like
a. Emphasise the importance of reading labels
7. Have groups go through the lab procedure as you walk around
observing and answering questions
8. When all groups are done, return back as a whole class to
discuss
a. Note that the white stringy material at the water/alcohol
interface is DNA. You may be able to spool the long
strings onto your rod. Because DNA molecules are so
narrow (about 1 nanometer wide) each of those strings is
composed of thousands of DNA molecules stuck
together.
b. The detergent breaks down the cell membranes and
nuclear membranes, allowing DNA to separate from the
cheek cells
c. Dissolved sodium ions from the salt have a positive
charge, and these are attracted to the negatively charged
phosphates in the DNA backbone
d. "Neutralizing" negative charges causes the DNA to
become less soluble (but not insoluble) in polar water.
e. Salt also plays an important role in increasing the density
of the aqueous (containing water) phase containing the
DNA, which allows the less dense alcohol to layer on top
of the aqueous phase.
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Day 22 Materials:
Lab procedure sheet (along with materials on sheet):
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Day 23
Topic Investigating Genetic Testing






● LS3.A: Inheritance of Traits
● LS3.B: Variation of Traits
Science & Engineering Practices
● Asking questions and defining problems
● Analyzing and interpreting data
● Engaging in argument from evidence
Cross-Cutting Concepts
● Cause and Effect




● Summarize the ways that race and ethnicity are different




● Participation in debate
● Exit ticket:
○ How are race and ethnicity different?
Daily Activities 1. Have students complete the anticipation guide before reading.
They may work by themselves, in pairs or small groups. Remind
students that they should be prepared to discuss and debate their
reactions to the statements on the anticipation guide after they
have completed it.
2. After students have finished the guide, encourage a class
discussion of students' reactions to the statements. You want to
activate their critical thinking about the topic, so dig deeper than
students' answers and get to their justifications.
3. Have students read the Popular Science article with their
anticipation guide responses fresh in their minds so they can
react to the text as they read. Encourage students to mark or
write down where the text supports their initial reaction to
statements or causes them to rethink those reactions.
4. Have a class discussion after reading:
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a. Ask students if any of them changed their position on any
of the statements.
b. Encourage students to share how they reacted to the text,
given their initial responses captured in the anticipation
guide.
c. Make sure students share examples from the text where
their initial responses were either supported or
challenged.
5. Afterwards, divide the class into two groups, one will be arguing
that DNA testing is morally sound and one will be arguing that it
is not.
a. Give the groups a few minutes to discuss their talking
points and have groups take turns presenting their ideas
b. Allow the groups to debate for their side
6. Leave time for an exit ticket
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Day 23 Materials:




Topic DNA - Modeling Structure






● LS1.A: Structure and Function
● LS3.A: Inheritance of Traits
Science & Engineering Practices
● Asking questions and defining problems
● Developing and using models
● Analyzing and interpreting data
● Engaging in argument from evidence
Cross-Cutting Concepts
● Cause and Effect
● Scale, Proportion, and Quantity
● Systems and System Models




● Construct a model of DNA using scientific research as clues to












● Engaging in argument from evidence
● Participation in discussion
Daily Activities 1. Scientist of the day
2. Let students know that they will be engaging in the same research
that led to the discovery of the structure of DNA
a. This lab is intended to both introduce DNA structure and
constructing models that change with new information
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AND developing explanations rooted in evidence
3. Give each group their materials and once they are situation, hand
out the challenge sheet and go over the challenge
a. Students will be discovering the structure of DNA bases
using the actual scientific data provided in the clues
b. Explain that as in actual research into DNA structure, the
clues happened over a long period of time and that the
model changed repeatedly based on new information from
lots of different scientists
c. Remind students that the scientific process can be
frustrating but to stick with it!
d. Encourage students to be working on two models at the
same time throughout this process, as there are a number of
different possibilities
4. Begin introducing the clues, giving about 10 minutes in between to
allow groups to construct their model
a. This is flexible and should be modified as you see fit but
you just want some sort of structure
5. Have students track how their models are changing
a. They can take photos and add captions, sketch, whatever
they see fit
6. Repeat this process for all 7 clues
7. When all groups are done, have them take turns presenting and
defending their models. Have them answer:
a. Identify the three most significant changes to your model?
What evidence led you to change your previous model into
a new one?
b. What was your final model? How does the evidence
support this model? Are there other possible models that
would fit the evidence?
8. After all groups have presented, have students reflect on the
process that they went through as scientists. Possible questions:
a. Describe your experience as you developed your models.
What were you thinking and feeling?
b. What did you notice about the models of other groups?
Were they similar or different?
c. Was Watson & Crick’s model based solely on data obtained
through experimentation? Why or why not?
d. Describe the different methods used by scientists in the





● 30 5-hole pop beads
● 30 1-hole pop beads in each of 5 colors










Topic DNA to Proteins






● LS1.A: Structure and Function
● LS3.A: Inheritance of Traits
Science & Engineering Practices
● Asking questions and defining problems
● Developing and using models
● Analyzing and interpreting data
Cross-Cutting Concepts
● Cause and Effect
● Scale, Proportion, and Quantity
● Systems and System Models




● Describe the processes and purpose of transcription and translation










● Group teaching of concepts to teacher
Daily
Activities
This lesson is a variation of a flipped classroom - students investigate the
phenomenon on their own in groups and then teach the concepts to the
teacher.
1. Ok, so we have DNA and genetic information, but then what
happens to the DNA? Let students know that they’ll be exploring
the DNA structures that they built yesterday and how genetic
information is used in our cells.
2. Put students into groups of 4. Have them complete tasks 1-4 (stop
at mutations) in the virtual simulation STEM Resource: DNA to
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Proteins
3. Let students know that they will be teaching the information to me
as a group in any way they would like (every member has to
participate!)
4. Go around to each group as they finish and assess, asking
questions as they teach
Day 26 Materials:
Computers
STEM Resource: DNA to Proteins
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Day 27
Topic Protein Synthesis Modeling






● LS1.A: Structure and Function
● LS3.A: Inheritance of Traits
● LS3.B: Variation of Traits
Science & Engineering Practices
● Asking questions and defining problems
● Developing and using models
● Analyzing and interpreting data
● Engaging in argument from evidence
Cross-Cutting Concepts
● Cause and Effect
● Systems and System Models




● Model and draw the process of protein synthesis
Terms:
● No new terms
Assessment(s) Informal:
● Discussion & think-pair-share
Formal:
● Group posters
Daily Activities Pre-class prep:
1. make up a template for the cereal chain using single letters to
correspond to different colors of cereal (example: yellow,
orange, purple, purple, red, red, green, yellow, yellow, orange,
purple would be YOPPRRGYYOP. Write the template on a piece
of paper.
2. Tape your template down on a table in the corner of the room so
it can’t be moved. Place some string on the floor near the table
to section off the area.
3. Arrange paper and pencils next to the template.
4. Place a cup of cereal and some pipe cleaners on a table in the
middle of the room
5. Tell students that the instructions to make their cereal chain are
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in the corner of the room. Since the template is taped down, they
can use the paper and pencils to help them remember the order.
6. Direct them to construct their cereal chains in the middle of the
room using the cereal and pipe cleaners. Once everyone is done,
have them return to their seats
7. Ask students some follow up questions:
a. Does this set-up/process remind you of anything?
i. Ideally, they will have an “Ohhhh” moment when
they think about it
b. In what ways was this like protein synthesis?
c. Write a list of the main components on the board and
have students think-pair-share what they think each
component represents
i. Desk in the corner (nucleus)
ii. String around desk (nuclear membrane)
iii. Desk in the middle of the room (cytoplasm)
iv. Handwritten notes (RNA)
v. Themselves (ribosomes)
vi. Cereal (amino acids)
vii. Finished chain (protein)
8. In groups of 2-3, have students draw the process of protein
synthesis on a large piece of paper. Be creative and draw it in a


















● LS1.A: Structure and Function
● LS3.A: Inheritance of Traits
Science & Engineering Practices
● Asking questions and defining problems
● Developing and using models
● Analyzing and interpreting data
● Engaging in argument from evidence
Cross-Cutting Concepts
● Cause and Effect
● Systems and System Models










● Student question sheets
Daily
Activities
1. Scientist of the day
2. Start with a discussion of yesterday’s activity:
a. How did the different cereal chains compare?
b. Why might they all have been identical?
c. Was anyones different?
d. What do you think might happen if an error occurs in
transcription or translation?
3. Explain that today we will perform two activities to show how
these mutations can occur and illustrate the possible effects of
different mutations
4. Next, organize the class into groups of 10 or more students each
(the larger the group, the more likely a variety of mutations will
develop in the instructions)
5. Have the students in each group form single file lines. Space them
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far enough apart that they can only hear the instructions when
given directly to them
6. Ask what they think they might represent?
a. Explain that each student represents a cell/organism that is
produced from the previous cell/organism (student next to
them)
7. Give the first student in line a set of instructions, which represents
a single gene from an organism’s DNA.
a. This will be the only person in the group to read the
instructions. Give the same instructions to the first students
in each team line. The instructions might be to draw a
specific picture (square, then a triangle, then a circle) or
perform a series of actions (jump 3 times, pat your head
twice, high five the person to your right) etc.
b. For the first round, start by handing written instructions to
the first student in each team line.
c. In the second round, give verbal instructions by whispering
into the first students’ ears. Experiment with both methods
during different rounds, giving different instructions during
each round. Giving teams the same instructions enables
many mutation variations to emerge for comparison.
d. The first student whispers the instructions to the second
student, the second student to the third, and so on until the
last student in line has received instructions.
e. This is intended to model what happens to DNA
(instructions) after several generations of replication
(passing the instructions).
f. Modification: For the first round, describe what each step
in the activity is modeling, then in later rounds have the
students explain what each step represents.
g. The last student then comes to the front of the room and
performs the instructions that they were told.
h. Explain that the newest cell (the last student) has been
given DNA (instructions) from the previous cell and must
now perform/use the DNA to build a protein (protein
synthesis).
8. Next, have the first student in line perform what was given for the
initial instructions.
9. Comparing the two, have students identify which types of
mutations occurred in the instructions between the first and last
students.
a. Substitution: One of the steps/instructions was replaced by
a slightly different one.
b. Deletion: One of the steps/instructions was dropped.
c. Insertion: An entirely new step/instruction was added.
10. Change the order of the students and repeat with a new set of
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instructions from which to gain practice identifying additional
mutation types.
11. Have students fill out the question sheet individually at first, and














● LS3.A: Inheritance of Traits
● LS3.B: Variation of Traits
Science & Engineering Practices
● Asking questions and defining problems
● Analyzing and interpreting data
● Engaging in argument from evidence
Cross-Cutting Concepts














1. Scientists of the Day
2. Explain that we are starting to have an understanding of what
DNA looks like and how it works, but we’re going to investigate
how DNA is actually used and how fingerprinting is used in
criminal investigations
3. Show the NOVA Forensic DNA Analysis Video (6:29) and have
students jot down any questions they have or anything they found
particularly interesting
4. Discussion questions for afterwards:
a. What does the DQA1 DNA test identify?
b. What are some disadvantages and advantages you can
think of with this method?
c. Can the results of this test accurately tell us the source of
the blood? Why or why not?
5. Put students into groups of 4 and have them complete the NOVA
Create a DNA Fingerprint Activity online to simulate the process
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of creating a DNA fingerprint, writing down the steps as they
complete the simulation
6. When groups are finished, assign each group a number 1-6 (some
groups may have the same number depending on class size) and
have the groups do a “deep dive” to learn about how that step
occurs. Make sure each group member becomes an “expert” in
that step
a. What happens?
b. How does it happen?
c. What equipment/materials/”things” are needed?
7. Jigsaw activity - create new groups comprised of one member
from each “Step”
a. Give each student a few minutes to teach their new group
members about their step
b. Repeat this process 6 times
8. Once all groups are done, have each group come up (in order of
1-6) to teach the class one more time about their step
Day 2:
1. Read through the article “How DNA Evidence Works” as a class,
stopping after each section to discuss and clarify
a. Make sure students know the answers to these questions:
i. What are VNTRs, and why are they valuable for
DNA fingerprinting?
ii. Why can't DNA fingerprinting provide a definitive
identification of the suspect?
2. Have students get back into their groups of 4 from the previous
day
3. Hand each group a set of DNA fingerprint cards. Have them
interpret each DNA fingerprint. Once groups are done, they will
compare answers to other groups. Class discussion:
a. What evidence did you use to interpret your fingerprints?
b. What answers did you get?
c. Use key to discuss answers
4. Have students do the Gel Electrophoresis Simulation on their own
so they can get an idea of how gel electrophoresis is used to
compare DNA fingerprinting
Day 3:
1. Ideally a field trip to the Bureau of Criminal Apprehension in St.
Paul to tour and see gel electrophoresis in action!
2. OR - guest speaker to come in and take students through it.
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Days 29-31 Materials:
NOVA Forensic DNA Analysis Video (6:29)
NOVA Create a Fingerprint Activity
Gel Electrophoresis Simulation
Article: How DNA Evidence Works
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Day 32
Topic DNA Fingerprinting Application






● LS3.A: Inheritance of Traits
● LS3.B: Variation of Traits
Science & Engineering Practices
● Asking questions and defining problems
● Analyzing and interpreting data
● Engaging in argument from evidence
Cross-Cutting Concepts




● Describe the organization of DNA into repeating nucleotide base
pair sequences







● Discussion and participation
Formal:
● Group police report
Daily Activities 1. Scientist of the Day
2. Explain to students that they will be using their knowledge of
DNA fingerprinting to analyze DNA to solve a crime.
3. Organize students in groups of 2-3 and introduce the premise while
walking through the process together and asking guiding questions
to activate prior knowledge and stimulate curiosity:
a. There is a bank robbery. As the thief escapes the building, a
security guard grabs one of the bank robber's gloves. The
bank robber leaves the scene in a service van. The phone
company identifies three employees who may have been in
the vicinity of the bank at the time of the robbery. All
employees deny robbing the bank. Can you think of some
111
way, besides witness testimony, that the bank robber could
be identified? Discuss.
b. As we know, our DNA is organized into how many pairs of
chromosomes? 23. Where is it located? Nucleus.
c. Parts of each chromosome contain what are called "junk
DNA," which does not contain genes. But often, this junk
DNA contains repeating nucleotide base pair sequences
that can be used for matching purposes. (Show students
Figure 1 on their visual aid sheet). In this example, you can
see chromosome locations where the FBI looks for
repeating sequences of DNA. They're called CODIS sites,
which stands for the FBI's Combined DNA Index System.
d. In our case, the police found a hair on the bank robber's
glove. Remember that we have 23 pairs of chromosomes,
each pair containing one chromosome from our father, the
other from our mother. A DNA analysis shows that the hair
in the robber's glove contains the following nucleotide base
pair sequences in the TPOX region (show students Figure 2
on their visual aid sheet).
e. What do you notice about the base pair sequences?
i. Guide students to notice that the GAAT sequence is
repeated twice in the father's side and three times in
the mother's side Why is that? (G always pairs with
C, and A always pairs with T).
f. Let's next compare the TPOX regions of the DNA found in
the bank robber's glove with the TPOX regions of the DNA
of two different suspects. Note that we are just looking at
the one side of the DNA with the GAAT repeating
sequence (show students Figure 3 on their visual aid sheet)
g. Which suspect matches the GAATGAAT sequence of the
hair found in the glove? Suspect 1. Both chromosomes
must match to show that the hair in the glove came from a
specific suspect. Can the hair then be from suspect 1? No,
the sequence is only found on one CODIS site.
h. Take a minute to look at the DNA of suspect 2. What do
you notice?
i. All 13 CODIS locations match, so the hair in the
bank robber's glove belongs to suspect 2
i. Now, the reason why DNA profiling can be so certain is
through probabilities. The random probability that one of
your CODIS sites matches with someone else's is about one
in 10 (1/10). Therefore, the probability of two CODIS sites
matching is 1/10*1/10 = 1/100 (one in 100). What are the
chances that 3 sites match?
j. What are the chances that all 13 CODIS sites match?
i. (1/10)13 = one in 10,000,000,000,000. The chance
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of being struck by lightning in your lifetime is,
roughly, one in 1,000,000. So you are 10 million
times more likely to be struck by lightning than you
are to have the same 13 CODIS sequences as
another person.
4. Pass out a worksheet to each team and walk around helping
students as they complete their worksheets by writing which
suspect their DNA profiling implicates in the robbery
5. Have groups share their answers and what their evidence is
6. Have groups then calculate the likelihood that suspect 2, even
though he matches four CODIS sites, is not the owner of the hair
in the bank robber's glove.
a. (1/10)4 = 1 in 10,000
7. Would you feel comfortable convicting this suspect of the crime?
Why or why not?
8. Have groups write a brief report on their results that they might
deliver to the police investigators. Make sure they explain the
outcomes of the DNA profiling, how they arrived at their results,











Topic DNA, Crime & Law Enforcement







● LS3.A: Inheritance of Traits
● LS3.B: Variation of Traits
Science & Engineering Practices
● Asking questions and defining problems
● Analyzing and interpreting data
● Engaging in argument from evidence
Cross-Cutting Concepts




● Analyze some of the controversies in using DNA to solve crimes
● Debate the issues around privacy, laws, freedom and public
safety as they relate to DNA technology and crime
● Discuss some of the unintended consequences of how and why





● Discussion question answers on student sheets
Daily Activities Lesson adapted with permission from the Personal Genetics Education
Project (pgED.org)
Trigger warning: because this lesson deals with real cases, it involves
acts of physical and sexual violence and murder that may be distressing
for some students. You may want to inform students of this ahead of time
and make accommodations, such as allowing students to step out. Use
your discretion in which case studies, or parts of them, to use in class
based on the needs of your students.
1. Scientist of the Day
2. Inform students that a guiding question for them to keep in mind
throughout this lesson is how we as a society can use genetics to
keep people safe, solve crimes AND develop policies that ensure
119
fairness and provide appropriate safeguards and privacy
protections. Share with students that many experts still do not
agree on how DNA should be used to prevent and solve crime
and that the questions and issues that we will discuss are
currently being debated at local, state and federal levels, and are
the subject of legal debates, pending legislation, and court cases.
3. Think-pair-share (this scenario is embedded in the slides):
a. Consider the following scenario: you are a business
owner. In the past two weeks, your manager has found a
pile of human feces in the warehouse on more than one
occasion. The manager thinks some workers may be the
culprits and proposes using a DNA test to find who it is.
As the business owner, do you go forward with DNA
testing your employees to identify the culprit?
4. After discussion of the scenario, go through the slides (discussion
guide below):
a. Slide 3: The scenario we just discussed is based on a
real-life story, where someone had been repeatedly
defecating in a grocery warehouse in Atlanta. The
manager suspected it was Dennis Reynolds and Jack
Lowe, who worked for the company. As the employer, the
manager asked that they submit a DNA sample to test if
they were in fact the “devious defecators”, a nickname
coined in the media to describe this case. Reynolds and
Lowe, afraid of losing their jobs, agreed to a DNA test.
The results indicated that they were not the perpetrators.
However, it was illegal for the manager to ask for a DNA
sample, because the Genetic Information
Non-Discrimination Act (GINA) forbids employers from
asking for DNA from their employees. The men sued
their employer and won $2.25 million dollars in damages
to be shared between them. This was the first case that
went to trial under GINA (other cases were previously
settled without a trial). It shows how the law protects
employees from employers seeking genetic information to
make a decision to fire employees.
b. Slide 4: There are exceptions and limitations to what
GINA covers. For example, GINA does not apply to
employers with fewer than 15 employees. GINA’s
protections also do not extend to all types of insurance.
For example, life insurance and long-term care insurance
(which helps pay for a person's care if they need many
months or years of medical or nursing because of a
condition or illness) are not covered by GINA. Why
would it be important for employees to know this
information?
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c. Slide 5: The first part of today explores the DNA
databases that are used to aid criminal investigation, how
these databases of genetic information are created, and
how their composition has changed over time. In the
second part of the lesson plan, the focus shifts to the ways
in which DNA can be used as a forensic tool to: (1)
identify suspects; (2) identify victims and missing
persons; and (3) provide evidence to support
exonerations. The final part of the presentation acts to
ensure we know that although DNA is a powerful tool in
forensic investigations, there are a number of limitations
and controversies surrounding its use, from both technical
and societal perspectives.
d. Slide 10: In 2009, Alonzo King was arrested for assault,
and his DNA was collected in the course of the arrest.
Maryland authorities used his DNA sample from the
arrest to search a forensic DNA database. They found a
match linking King to an unsolved rape from 2003, and
he was charged and sentenced to life in prison for this
crime. The question of whether it is legal to collect DNA
from an arrestee made its way to the US Supreme Court
in Maryland v. King. In a 5-4 ruling, the Supreme Court
ultimately decided it is constitutional to take DNA
samples from arrestees for the purpose of linking a
suspect to other possible crimes. In its majority opinion,
the Court argued that a DNA profile is fundamentally the
same as a fingerprint, used to confirm identity, and that
people who are arrested should expect diminished privacy
protections. Do you agree?
e. Slide 13: Now that we have seen how criminal DNA
databases are created and how their composition and use
has changed over time, let’s look at how this DNA can be
used as a forensic tool to: (1) identify suspects; (2)
identify victims and missing persons; and (3) provide
evidence to support exonerations. As we go through this,
write down any takeaways, questions, or feelings you
have.
f. Slide 14: Between 1985-1988, there was a string of
unsolved murders of black women in Los Angeles. Many
of the victims were killed with the same gun, so police
suspected it was a serial killer. In 2007, a murder took
place that investigators were able to link to the 1980s
murders through DNA evidence. The serial killer was
given the nickname “The Grim Sleeper”, because police
thought he had taken a break for a long period of time
between the killings. However, they now believe he
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probably never did, as he has been linked to multiple
murder cases that happened during his supposed “break”.
When law enforcement compared the likely killer’s DNA
against an offender DNA database, they did not find a
perfect match. However, using familial searching, they
did identify someone whose DNA was very similar:
Christopher Franklin. Christopher Franklin was too young
to be the murderer, but his father, Lonnie Franklin, was of
an age where it was possible that he was the killer. Police
obtained a DNA sample from Lonnie Franklin by
following him to a restaurant and, with an officer posing
as an employee, collected tableware and pizza crust with
his DNA on it. Lonnie Franklin’s DNA was a perfect
match with the DNA found at the crime scenes, and he
was arrested. He was convicted and sentenced to death in
2016 for the murders of ten women and girls, but police
think he may have murdered more than 25 people. In
March of 2020 he was found unresponsive in his cell and
pronounced dead.
g. Slide 15: Suspects are being identified not just through
criminal databases - but also genealogy databases
designed for researchers and hobbyists. The “Golden
State Killer” is a serial killer and rapist who committed at
least 13 murders and over 50 rapes between 1974 and
1986 in California. After failing to find a match in the
government-created databases, investigators in this case
uploaded the perpetrator’s DNA to an open-source
genealogy database, called GEDmatch. GEDmatch is a
privately- created database that welcomes people to
upload their DNA analysis from private companies like
23andMe or Ancestry.com, in the hopes of building a
large community for people seeking familial connections.
Law enforcement found a genetic connection in the
database – a distant cousin of the suspected killer. Using
genealogical research to construct a family tree,
investigators narrowed down the possible suspects and,
with additional DNA testing, an arrest was made. In 2020,
Joseph James DeAngelo pleaded guilty in exchange for a
sentence of life in prison instead of the death penalty.
Though GEDmatch was not developed to be a legal tool,
in the months after the arrest of the suspected “Golden
State Killer”, law enforcement agencies used the database
to make arrests in several other “cold cases”. Some
people have reacted positively to this news by saying that
any and all methods are justified in the pursuit of solving
crimes. Others have voiced concern regarding the fact that
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if even one biological relative uploads their DNA to a
genealogy database like GEDmatch, then some of their
shared DNA is also part of a system that is now being
used for law enforcement reasons. GEDmatch later
changed its terms of service so that DNA profiles are now
by default opted out of use for law enforcement
investigations. Users can choose to opt-in, but only a
small percentage have chosen to do so. GEDmatch has
since been taken over by the forensic genomics firm
Verogen, raising new concerns over privacy and the use
of personal data.
h. Slide 16: Grandmothers in Argentina pioneered one of the
applications of DNA in forensic investigations - using it
as a tool to reunite separated biological relatives. During
Argentina’s “Dirty War” (1976-1983), Argentina’s
military dictatorship declared a war against those
suspected of being left wing “communist opponents”. War
tactics included killings, torture, abduction or the
“disappearing” of children. Top officers gave the
“disappeared” children away to military couples and
pregnant people were major targets. Identities of children
were erased. As a result, the “Abuelas de Plaza de Mayo”
organized in response to their grandchildren’s
disappearance. Weekly demonstrations in front of the
presidential palace gained international attention,
including from geneticists. In 1984, Dr. Mary-Claire
King, a geneticist from the University of California,
Berkeley teamed up with Dr. Ana Maria DiLonardo, a
geneticist from Buenos Aires, Argentina. They developed
a test that could identify a genetic link between the
grandmothers and their grandchildren using mitochondrial
DNA. Mitochondrial DNA is a part of our DNA that is
generally passed down to offspring via the egg and not via
the sperm. Thus, this type of DNA provides a genetic link
from the grandchildren, via their biological mothers, to
the Grandmothers, who were trying to find them.
i. Slide 17: DNA can also be used to exonerate people
wrongly incarcerated, such as Darryl Hunt. Darryl Hunt
was freed after serving 19 years in prison for a crime he
did not commit. In 1984, he was sentenced to life in
prison for the murder of journalist Deborah Sykes. In
1994, a DNA test showed that Darryl’s DNA did not
match the DNA found at the crime scene, but nonetheless
his appeal was rejected. He was exonerated in 2003 after
further DNA testing proved that he was not the
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perpetrator. DNA evidence collected at the crime scene
was compared to a DNA offender database. They didn’t
find a perfect match - but did find someone whose DNA
was quite similar. With that information, investigators
were able to narrow their search to the brothers of that
person and, through their investigation, police identified
Willard Brown as a suspect. Investigators were able to
show that DNA from a cigarette discarded by Willard
Brown matched the DNA found at the crime scene of
Deborah Sykes’ murder. Following Brown’s confession,
Darryl Hunt was exonerated. Hunt became an activist and
educator, and was awarded $1.6 million dollars in
damages from the city of Winston- Salem, North
Carolina. Sadly, Hunt took his own life in March 2016.
j. Slide 19: The growth in DNA collection has led to
worries that existing racial biases in the American
criminal justice system will be reinforced and amplified.
US government data from the FBI (see 2016 data here)
and the Bureau of Justice Statistics (see most recent data
here and here), have shown that communities of color are
disproportionately affected by the criminal justice system.
This is particularly the case for Black, Hispanic and
Native American people. As can be seen on the graph,
these communities are arrested, charged, and incarcerated
at higher percentages than their representation in the US
population. These racial differences translate into
over-representation of DNA from Black, Hispanic and
Native American people being collected in criminal
databases.
i. Let’s discuss the implications of this.
ii. Note that these are identity categories created by
the U.S. Census. What do you know about the
U.S. Census and why might this matter?
iii. It has been estimated that African Americans
comprise approximately 40% of the CODIS
database, despite comprising about 13% of the
United States population. By extension, relatives
of African-Americans are also more likely to be
identified in familial searches of an offender
database.
1. What do you think about this?
2. Should something be changed to bring this
more in line with the racial makeup of the
United States population?
3. How important are race and privacy
considerations when developing these
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policies?
5. Note: discussion for this may last longer than one class period.
It’s important to continue the conversation until everyone has
















Topic Unit Project Work Time






● LS1.A: Structure and Function
● LS1.B: Growth and Development of Organisms
● LS3.A: Inheritance of Traits
● LS3.B: Variation of Traits
Science & Engineering Practices
● Asking questions and defining problems
● Developing and using models
● Analyzing and interpreting data
● Engaging in argument from evidence
Cross-Cutting Concepts
● Cause and Effect
● Scale, Proportion, and Quantity
● Systems and System Models




● Differentiate between a credible and a non-credible online source.
● Research the ways in which genetics affects their everyday lives
and the roles that it plays in communities and society.
Assessment(s) Formal:
● Project and “presentation” (rubric below)
Daily
Activities
1. Students will have this time to work on their projects










Topic Unit Project “Science Fair”






● LS1.A: Structure and Function
● LS1.B: Growth and Development of Organisms
● LS3.A: Inheritance of Traits
● LS3.B: Variation of Traits
Science & Engineering Practices
● Asking questions and defining problems
● Developing and using models
● Analyzing and interpreting data
● Engaging in argument from evidence
Cross-Cutting Concepts
● Cause and Effect
● Scale, Proportion, and Quantity
● Systems and System Models




● Present and explain their research project
Assessment(s) Formal:
● Research project
Daily Activities 1. Students will set up their project around the classroom
2. Students, teachers, other faculty, parents/guardians, and
members of the community will be invited to stop by and attend
3. When students aren’t speaking to guests at their project station
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